In this paper, we will prove local existence and uniqueness of the stochastic Kadomtsev-Petviashvili equation (KP) in some function subspace of the total solutions probability space of our problem. Our proposed technique is based on employing Banach contraction principle method, fixed point theory, Fourier analysis and some basic inequalities. Finally, we will also prove the global existence of solution in the total solutions probability space for the problem. Detailed computations and implemented examples are explicitly provided.
Introduction
The main aim of this paper is to study the stochastic Kadomtsev-Petviashvili (KP) equation:
du + ( Where u is a stochastic process on R 2 × R + , φ is a bounded operator on L 2 (R 2 ) and W (t, x) is a cylindrical white noise of the form W (t, x) = Here B n (t) is a family of standard complex-valued Brownian motions mutually independent in a filtered probability space (Ω, F, P; {F t } t 0 ; {W (t)} t 0 ). The KP equations [1] [2] are universal models (normal forms) for the propagation of long, dispersive, weakly nonlinear waves that travel predominantly in the x direction, with weak transverse effects. The notion of well-posed-ness will be the usual one in the context of nonlinear dispersive equations, that is, it includes existence, uniqueness, persistence property, and continuous dependence upon the data. Wadati [3] first answered the interesting question, How does external noise affect the motion of solitons? and studied the diffusion of soliton of the KdV equation under Gaussian noise, which satisfies a diffusion equation in transformed coordinates. Wadati and Akutsu also studied the behaviors of solitons under the Gaussian white noise of the stochastic KdV equations with and without damping [4] . In addition, a nonlinear partial differential equation which describes wave propagations in random media was presented by Wadati [4] . Debussche and Printems [5, 6] , de Bouard and Debussche [7, 8] , Konotop and Vazquez [9] , Printems [10] . The method employed in [11] [12] [13] to show local well-posedness, was the one developed by Kenig et al. [14] , which combines smoothing effects, Strichartz-type estimates, and a maximal function estimate together with the Banach contraction principle. This paper is mainly concerned to investigate the Cauchy problem for stochastic Kadomstev-Petviashvili (KP) equation forced by a random term of additive white noise type. The main aim of this paper will achieved as follows; First: we will prove local existence and uniqueness of this problem. Second: we will obtain a local existence and uniqueness result for the solution of this problem, our proposed technique is based on employing Banach contraction principle method, fixed point theory, Fourier analysis and some basic inequalities. Finally:we will also prove the global existence of solution in some function subspace of the total solutions space for the problem.
Preliminaries
Suppose that S(R d ) and S (R d ) denote the Schwartz space and its completion with respect to the family of seminorms
For a Banach space X and s ∈ R we denote by
where ΓdenotetheF ouriertransf orm.T hemildsolutionof equation(1.1)isgiveninthef ormto
where {U (t)} t 0 is the unitary group of operators generated by the deterministic Kadomtsev-
where
For simplicity we will use the following shorter notations:
where the Riesz's operator D s [15] is defined by
3)
The solution of the linear equation [16] 
where the phase function Φ is given by Φ(ζ, η) = ζ 4 + η 2 . The solution of the linear equation
Main Results
This section is devoted to give the precise statement of my results. The first Theorem concerning the linearized stochastic KP equation (2.4). The last Theorem gives the sufficient conditions for obtaining local will posedness of equation (1.1). Eventually, one can find that the results of Theorem 2 are true for arbitrary large T , this gives the global wellposedness of equation (1.1). As a direct result from the global results of the propositions stated and proved in the previous section we have:
for somes > 0.75 then u L is almost surely in Z s (T ) for any T > 0 and any s such that 0.75 < s <s. Moreover there exists a constant C(s,s, T ) such that
By virtue the arguments of fixed point theory and the above theorem we can easily prove the following theorem. More precisely, To prove Theorem 2 i.e., to solve the stochastic KP equation forced by a random term of additive white noise (1.1). We will use a fixed point argument in Z s (T ) for some T > 0 and s ∈ (0.75, 1), then a priori estimate will give us the global solution in 
and
As pointed out from [13] , by virtue of the Itô formula on the functional .
we get that
where J s denote the Bessel's operator:
and has the property [15]
and applying a martingale inequality [17] , we will get
Comparing Equation (2.9) and (2.12) implies the required result.
Suppose {p k } k 1 be a partition of unity on
2 such that p k 0 and p k = 1 on suppp k . For k ∈ N, we define the group {U k (t)} t∈R by
Let {e i } i 1 be an orthonormal basis for L 2 (R 2 ) and define the operator Φ k by
Then, by using Minkowski's integral inequality we will get
where, 0.75 < s <s.
In the previous proposition we have used the following inequality [13] E[
and for 0.75 < s <s we were used
Recently, many author's were applied Riesz's operator D s as a powerful tool for checking the regularity of the solutions of nonlinear partial differential equations. The following Proposition will clarify the success of the solution u L under this checking.
Suppose 0 < δ < inf{s, 2}, then the solution u L satisfies
. By virtue of the stochastic integral properties [16] :
So, we can easily find that:
As pointed in [15, Lemma 2.1], we have
Similarly we can derive 
Also we have
Obviously, equations (2.22) and (2.23)
Recalling the definition of the Hilbert transform [15] Hf (ζ, η) = (
implies,
Then,
By a direct application of Fuibini's theorem we can easily prove the following example:
and 
Therefore,
By virtue of the above inequalities and [15, proposition A.1] we obtain for all t ∈ [0, T ] that
Since q = 4(1 + 1/ ) 4, so
So,
By a direct application of fixed point theorem we can easily prove Theorem 2(our main results) as follows:
By virtue of the results stated in [8] , we can easily prove that: for any s > 0.75 and any T > 0 there exists C(T, s) nondecreasing with respect to T such that:
for any u, v ∈ Z s (T ) and
Secondly, we introduce the mapping J defined by
2 so by Theorem 2, we have u 0 ∈ H s (R 2 ), J maps Z s (T ) into itself. Moreover, let R 0 satisfies:
and choose T such that:
then, J maps the ball of center 0 and radius 2R 0 in Z s (T ) into itself and
for any u, v ∈ Z s (T ) with norm less than 2R 0 . By virtue of fixed point theorem, J has a unique fixed point, denote by u, in this ball. It is obvious that this solution u for Equation (1.1) belongs to the function space Z s (T ).
Concluding Remarks
Since Wadati first introduced stochastic KdV equations, many researchers [18] [19] [20] [21] [22] [23] [24] [25] [26] , have investigated many stochastic partial differential equations. In [27] the author's were found a unitary map between white noise space and the Poisson white noise space. This paper is devoted to introduce some notations and some function spaces along their embedding and found the deterministic linear estimate u L . Then, we were proved and established local and global well posed-ness for stochastic KP equation forced by a random term of additive white noise type i.e., by establishing the nonlinear type estimate on the second iteration for the integral formulation of the mild solution of equation (1.1). Also I remark that, if we assume that
x,y ) with 0.75 s < 1 and u 0 is F 0 − measurable, then we cannot construct a solution on a fixed interval, even a finite one of the form [0, T 0 ]. Moreover, by using a standard truncation argument we can extend our results under the assumption that u 0 ∈ H 1 (R 2 ) almost surely. Authors Thanks the reviewers' for their notes which improved the quality of the paper.
